Abstract. To understand the potential risk factors and protective factors for invasive Haemophilus influenzae type b (Hib) disease, we conducted a case-control study among Navajo children less than two years of age resident on the Navajo Nation. We analyzed household interview data for 60 cases that occurred between August 1988 and February 1991, and for 116 controls matched by age, gender, and geographic location. The Hib vaccine recipients were excluded from the analyses. Conditional logistic regression models were fit to examine many variables relating to social and environmental conditions. Risk factors determined to be important were never breast fed (odds ratio [OR] ϭ 3.55, 95% confidence interval [CI] ϭ 1.52, 8.26), shared care with more than one child less than two years of age (OR ϭ 2.32, 95% CI ϭ 0.91, 5.96); wood heating (OR ϭ 2.14, 95% CI ϭ 0.91, 5.05); rodents in the home (OR ϭ 8.18, 95% CI ϭ 0.83, 80.7); and any livestock near the home (OR ϭ 2.18, 95% CI ϭ 0.94, 5.04).
Before the widespread use of conjugate vaccines, incidence rates of invasive Haemophilus influenzae type b (Hib) disease among Navajo children were demonstrated to be much higher than in the general U.S. population. During the 1970s, the incidence of Hib meningitis for Navajo children less than five years of age was 152 per 100,000 child-years, 1 compared with 19-60 per 100,000 in various non-Native American communities. 2 The reasons for these elevated rates are not well understood, although environmental factors, genetic predisposition, and delayed maturation of immune functions all may be implicated.
Many factors have been identified in population groups other than the Navajo as being associated with increased risk of Hib disease incidence. These include the use of shared child care facilities, [3] [4] [5] [6] [7] large family size or crowding, 5, 6, 8, 9 low socioeconomic status, 8 and smoking. 8 Breast feeding has been shown to be protective. 3, 5, 6, 9, 10 In a case-control study of Navajo children, we investigated these and other factors that were unique to the environmental and cultural characteristics of this population, including heating fuels, husbandry practices, and arts and crafts activities.
Although Hib disease has been virtually eliminated in this Navajo population, it is a leading cause of serious childhood illnesses in many countries where Hib vaccines are not routinely administered. 11, 12 This case-control study, conducted in a predominantly rural and disadvantaged community just prior to licensure of Hib conjugate vaccines, has relevance to many less industrialized populations.
MATERIALS AND METHODS
Surveillance for Hib disease. From July 1988 through July 1990, active laboratory-based surveillance for Hib disease was carried out on the Navajo Nation in Arizona and New Mexico as part of a trial designed to evaluate the safety and efficacy of a Hib conjugate vaccine (Hib-OMPC: PedvaxHIB; Merck, Blue Bell, PA). 13 Further surveillance for Hib disease was conducted as part of a study to evaluate the effectiveness of implementation of a Hib vaccine program in all infants immediately after completion of the efficacy trial.
Approximately one-fourth of the Navajo infants born from June 1988 through June 1990 were enrolled in the efficacy trial (n ϭ 5,190). These children were not eligible to be either cases or controls in the case-control study. Cases were children with laboratory-confirmed Hib disease based on an isolate from a normally sterile body fluid. Confirmation was made from reaction to H. influenzae antiserum, pattern of growth in the presence of factors X and V, and response to a biochemical panel (Microscan; Baxter Laboratories, West Sacramento, CA). 13 Those who were less than two years of age on the date of culture were eligible to enroll in the casecontrol study, provided they had not received any Hib vaccine before the date of the positive Hib culture. All cases occurring from August 1988 through February 1991 were included in the case-control study. Written informed consent was obtained from the parents or guardians of all study participants. The study protocol was approved by the Johns Hopkins University Committee on Human Research, the Navajo Area Indian Health Service, and the Institutional Review Board of the Navajo Nation.
Selection of controls. Two control children were matched to each case by gender, age (within one month), and location of residence. The controls for a given case were identified by examination of the birth logbook kept for each hospital where the index cases were born. The two births of the same sex as the case who were born most closely in time to the case were selected, provided they did not receive any Hib vaccine at an age younger than their case's age at date of culture.
Data collection. At least three attempts were made to contact the parents of all case and control children by conducting home visits scheduled at varying times of day. In addition, attempts were made to locate them at stores and other meeting places. Interviews were conducted with mothers or next of kin between June 1990 and July 1991 by trained Navajo study personnel who were fluent in Navajo and English. Interviews generally took less than 1 hr to complete. Clinic records were abstracted for dates and types of cultures, hospitalizations, and related information.
Statistical techniques. Univariate and multivariate odds ratio analyses were conducted that accounted for the matched design. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using SAS (SAS Institute, Cary, NC) version 6.08 PROC PHREG for conditional logistic regression for matched sets. 14 
RESULTS
Analysis data set. Of the 75 cases determined to be eligible for the study, six (8%) could not be located. Interviews were obtained with relatives of the remaining 69 children. All but two of the interviews were with the mother. Two controls were selected for each of the 75 eligible cases for a total of 150 controls; interviews were obtained for all but 24 (16%). Of the remaining 126 control interviews, 93% were with the child's mother. There were no refusals to be interviewed. One control was excluded due to having received Hib vaccine at an age before that of the matched case's age at date of culture. Three cases who had received a Hib vaccine prior to their date of culture were excluded. Two controls were determined to have birth dates six months and 11 months later than their matched case, and were dropped from the analysis. Following these exclusions, six cases were dropped from analysis because of no remaining matched controls, leaving 56 strata with two controls, and four strata with one control, for a total of 60 cases and 116 controls. Meningitis and bacteremia accounted for 48% and 32%, respectively, of the reported diagnoses of the cases.
Univariate analyses. The controls were born within 32 days of their matched cases; 54% were within 14 days. Cases were an average 1.5 days older than their matched controls, with a median difference of zero days. The results of matched univariate analyses for the main factors under study are shown in Table 1 . As anticipated, breast feeding was an important protective variable; invasive Hib disease cases were much more likely to have never breast fed than their matched controls (OR ϭ 3.33, 95% CI ϭ 1.59, 7.14). A protective effect (OR ϭ 0.51, 95% CI ϭ 0.26, 0.99) was associated with the infant sleeping in the same bed with another person, usually with the mother. Shared child care was not an important factor unless it involved the infant being with other infants less than the age of two. This latter condition was associated with a doubling of the odds for being a case (OR ϭ 2.27, 95% CI ϭ 1.00, 5.15). As for sources of indoor air pollution, wood heating was implicated as a possible risk factor (OR ϭ 2.53, 95% CI ϭ 1.17, 5.47), while coal heating and smoking by parents or caretakers were not. The existence of crafts activities in the house, which are potential sources of various airborne irritants, showed no relationship to case/control status. Other indicators of the home environment included lack of running water or electricity in the home, and whether the primary flooring material was dirt. These were all related to some degree with Hib disease, with lack of running water exhibiting the strongest association (OR ϭ 2.08; 95% CI ϭ 1.00, 4.35).
A rural location of the home was associated with a doubling of the OR of Hib disease, as was having any animals in or entering the home, and having any livestock near the home. Mainly responsible for the association with animals in the home was the existence of rodents; the main component of the livestock association was having horses nearby.
Sociocultural characteristics included attendance at traditional ceremonies, and whether the respondent (always a parent or primary caretaker) spoke English fluently. Only the latter had even a mild association (protective, in this case) with Hib disease, and is best interpreted as a proxy for other socioeconomic factors.
Multivariate analyses. Models incorporating several factors simultaneously were constructed from among those determined in the univariate analysis to have an OR of strength at least 1.5 (or less than 1/1.5) or a P value for association of less than 0.2. To remain in the model, OR estimates as extreme as 2.0 (or 0.5) and P values smaller than 0.15 were required at each stage of model consideration.
We began by incorporating the classic risk factors of breast feeding and day care attendance, as well as the shared bed variable (first model in Table 2 ). This latter variable may serve as some kind of proxy for breast feeding because mothers traditionally share beds with their infants for other reasons as well. Although not statistically significant, the OR relating a shared bed to breast feeding was 1.8, and with the breast feeding variable in the model, the shared bed variable did not meet retention criteria for inclusion in subsequent models.
The next block of conceptually related variables contained rural location, electricity, running water, and heating with wood (second model in Table 2 ). Of these, only wood heating met a criterion for retention in the subsequent model. As for the proximity of animals, the first variables considered were any animals in the home and domestic animals in the home, neither of which met either the odds ratio or significance criteria. Animals generally are kept out of Navajo homes, with cats tolerated for brief periods. The presence of rodents in the home, however, remained important in the multivariate analysis. The livestock near home variable was added, but no specific livestock were related to case status strongly enough for model inclusion. This left the third model in Table 2 , which we considered as the overall best model; the speaks English variable was checked for inclusion at this point, but provided virtually no improvement in the model.
It should be noted that while most of the 95% CIs in the third model of Table 2 include the null value of one, the test statistic significance of the associated variables is somewhat greater than these intervals would indicate. In this effectively small sample situation, the score statistic is to be preferred, with size closer to the nominal value than Wald or likelihood ratio test statistics. 15 The score test P values were 0.074 for shared care with other children less than two years old, 0.076 for wood heating, 0.040 for rodents in home, and 0.062 for any livestock near the home.
DISCUSSION
Our results confirm the findings of other investigators who reported a strong protective effect of breast feeding. 3, 5, 6, 9, 10 Shared child care was associated with a higher risk of Hib disease only where there was at least one other child less than two years old, which occurred in about half of the shared care arrangements. Other studies have found high risks associated with shared care in general, [3] [4] [5] [6] [7] but their arrangements may have had much higher proportions of young children. Univariate analyses indicated several variables related to rural life or lower socioeconomic status also to be associated with risk of Hib disease, including living in housing with a dirt floor or lack of running water or electricity. These findings accord with those of a recent case-control study of Hib vaccine effectiveness in Navajo children, which found presence of a household telephone and immunization at private clinics (in urban areas) to be associated with reduced risk of Hib disease. 16 Of the relevant variables identified in our univariate analyses, heating with wood and the existence of rodents in the house or any livestock or husbandry practices near the house were strong predictors in a multivariate regression model. We note, however, that 84% of rural homes reported wood heating, compared with 42% of non-rural homes, and that wood heating may be relevant as a measure of socioeconomic status. Wood heating may also be a significant risk factor in its own right by contributing a significant quantity of suspended particulates. Some investigators have demonstrated the association between wood burning stoves and increased risk for acute respiratory infections. [17] [18] [19] On the Navajo Nation, we have determined that infants who present with acute lower respiratory infections are more likely to have severe disease if they come from a home with wood burning stoves. 20 Smoking by parents or caretakers is rare among Navajos (9% in our study), which may explain why it did not appear to be associated with Hib disease.
Unexpected findings included the higher risks associated with rodents in the home or livestock near the home. The rodent association was based on only five reports, and may be due to differential recall between the cases and controls. Both of these variables may be proxies for other socioeconomic factors or for other characteristics of rural housing on which we have no data.
The findings of this study may be relevant to developing regions of the world where poor or rural housing conditions and indoor air pollution are common, and may help justify increased surveillance for and immunization against Hib disease in areas not currently recognized as having a significant problem. Additional studies are needed to determine the epidemiology and risk factors associated with Hib disease in less industrialized countries.
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